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(54) SYNCHRONOUS MOTOR GENERATOR WITH GAP ADJUSTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent generation of a high 
voltage during high speed rotation even without weak field 
control and to generate a stable output torque for the rotation 
up to high speed rotation from a low speed rotation. 
SOLUTION: A motor generator is structured with a rotor 4 of a 
permanent magnet fixed to an FW rotor 2 and a stator 5 
provided keeping an axial gap (g). A position adjuster 9 vertically 
moves the stator 5 to variably adjust the gap (g). When the FW 
rotor 2 is rotating at a lower speed, the position adjuster 9 
moves downward the stator 5 with a rotating speed signal to 
make narrower the gap (g). Accordingly, a magnetic flux &phiv; 
between the rotor 4 and stator 5 increases to increase and 
induced voltage and a torque. During the high speed rotation, 
the position adjuster 9 moves upward the stator 5 with the 
rotation speed signal to widen the gap (g). As a result, the 
magnetic flux &phiv; between the rotor 4 and stator 5 is 
reduced to reduce the induced voltage. Accordingly, the induced 
voltage can be lowered to the desired generated voltage with 
higher efficiency during the high speed rotation. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the synchronous motor generator constituted by the rotator which was supported by the 
revolving shaft and equipped the surroundings of this revolving shaft with the permanent magnet, and 
the stator which countered said permanent magnet, prepared the axial gap parallel to said revolving 
shaft, and has been arranged The synchronous motor generator characterized by being constituted so 
that it may have a justification means to move said stator in the direction which carries out adjustable 
[ of the gap of said axial gap ] and said justification means may carry out adjustable [ of the location of 
said stator ] according to the rotational speed of said rotator. 

[Claim 2] Said justification means is a synchronous motor generator according to claim 1 characterized 
by moving said stator so that the gap of said axial gap may be shortened at the time of the low-speed 
rotation with said rotator later than a predetermined rotational frequency, and moving said stator so that 
the gap of said axial gap may be lengthened at the time of the high-speed rotation with said rotator 
earlier than a predetermined rotational frequency. 

[Claim 3] Said stator is a synchronous motor generator according to claim 1 or 2 characterized by 
winding the coil around the core. 

[Claim 4] Said stator is a synchronous motor generator according to claim 1 or 2 characterized by 
winding the coil by core loess. 

[Claim 5] Said coil is a synchronous motor generator according to claim 3 or 4 characterized by being 
wound by any of a concentration volume or a distribution volume they are. 

[Claim 6] The motor configuration by said rotator which prepares said axial gap and is arranged, and said 
stator is a synchronous motor generator according to claim 1 to 5 characterized by being constituted by 
two or more steps. 

[Claim 7] The permanent magnet with which said rotator was equipped is a synchronous motor 
generator according to claim 1 to 6 characterized by consisting of even number poles of the arbitration 
of two or more poles. 

[Claim 8] It is a synchronous motor generator according to claim 1 to 7 about being used for any of a 
wind-mill mold generator, a flywheel mold motor generator, the motor generator for electric vehicles, the 
motor generator that uses a dc-battery as a power source, and a micro gas turbine mold generator 
being. 

[Claim 9] In the flywheel equipment for stationary energy storage which performs stationary energy 
storage by rotating with a motor the turntable supported by the revolving shaft The rotator of said 
motor equipped with the 1 st permanent magnet arranged around [ said / revolving shaft ] said turntable, 
The stator of said motor which countered said 1 st permanent magnet, prepared the axial gap parallel to 
said revolving shaft, and has been arranged, in order to carry out magnetic levitation of said turntable to 
the bearing which supports a radial road, and the 2nd permanent magnet which said turntable was alike 
on the other hand, and has been arranged The super-conductive magnet arranged so that it may 
counter with said 2nd permanent magnet and may have a predetermined gap in said direction of a 
revolving shaft, Flywheel equipment for stationary energy storage characterized by being constituted so 
that a justification means to move said stator in the direction which carries out adjustable [ of the gap 
of said axial gap ] may be provided and said justification means may carry out adjustable [ of the 
location of said stator ] according to the rotational speed of said turntable. 
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[Claim 10] Said stator is flywheel equipment for stationary energy storage according to claim 9 
characterized by winding the coil by core loess. 

[Claim 11] Flywheel equipment for stationary energy storage according to claim 9 characterized by said 
super-conductive magnet being a permanent magnet. 

[Claim 1 2] Said stator is flywheel equipment for stationary energy storage according to claim 9 which a 
coil is wound by core loess and characterized by said super-conductive magnet being a permanent 
magnet. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the structure of the flywheel equipment for 
stationary energy storage of having an axial gap between Rota of a synchronous motor generator, and a 
stator, about the structure of a synchronous motor generator. 
[0002] 

[Description of the Prior Art] Conventionally, as a means of stationary energy storage, although there 
are a pumping type, a cell charge method, a compressed-air method, etc., recently, the flywheel 
(following, FW) equipment which stores power energy mechanically attracts attention. Stationary energy 
storage is performed because such FW equipment rotates FW by ultra high-speed with a synchronous 
motor generator, and efficient FW equipment for stationary energy storage is being put in practical use 
by improvement in rare earth magnets, such as high tension ingredients, such as FRP which consists of 
carbon fiber, and samarium cobalt with strong magnetism, and techniques, such as high-temperature 
superconductivity, in recent years. In addition, a synchronous motor generator is only called motor 
generator, and FW equipment for stationary energy storage using this is mentioned as an example, and 
explanation is developed and it goes by the following explanation. 

[0003] Generally the so-called radial gap type with which the above FW equipments for stationary 
energy storage have Rota of a motor and a generator and the gap of a stator in radial of thing is known 
widely. However, the so-called axial gap type which has the gap of Rota and a stator in a revolving shaft 
and a parallel direction of thing is also developed in recent years. Among these, the overall length of the 
revolving shaft of FW Rota becomes long, and FW equipment for stationary energy storage of the former 
radial gap mold has a possibility of causing shaft vibration and producing axial breakage with the rigidity 
of a revolving shaft at the time of high-speed rotation. Furthermore, if a revolving shaft carries out 
eccentricity slightly, the magnetic-attraction force by the motor generator will occur in the eccentric 
direction, the eccentricity of a revolving shaft will become still larger, and the bearing capacity of the 
magnetic bearing of a radial direction will increase sharply. Or a possibility of inducing an oscillating 
oscillation also has the magnetic-attraction force by the motor generator, and the bearing capacity of a 
magnetic bearing. Moreover, thrust loading will be supported by the magnetism of the permanent magnet 
for carrying out magnetic levitation of FW Rota, and a super-conductive magnet, and also has problems, 
like these load burdens become quite large. 

[0004] Then, in order to solve problems, such as the above axial eccentricity, shaft vibration, and axial 
rigidity, or to make thrust loading mitigate, FW equipment which used the motor generator of an axial gap 
mold is being developed. Since FW equipment of such an axial gap mold is in a developmental stage, the 
configuration which applied the common motor generator using the motor generator of the axial gap 
mold in the conventional technique to FW equipment is explained. Drawin g 2 is structural drawing at the 
time of applying the motor generator of the axial gap mold in the conventional technique to FW 
equipment, (a) is the plan of permanent magnet Rota and (b) is cross-section structural drawing of FW 
equipment. FW equipment using this axial gap type of motor generator has objectively the composition 
that Rota 12 of the same structure and 12' were supported by the revolving shaft 11, and have been 
arranged, in the both sides of a stator 1 5, as shown in this drawing (b). Therefore, although the following 
explanation explains one side, about the near configuration of another side, the upper and lower sides 
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shall be read as an opposite location. 

[0005] In drawing 2 (b), FW Rota 12 which stores power energy is supported by the revolving shaft 11. 
The bearing 1 4 and 1 4' supporting the radial direction and the axial direction of a revolving shaft 1 1 are 
prepared in the upper part and the lower part of a revolving shaft 11. These bearing 14 and 14' consist 
of antifriction bearing, superconduction bearing, a usual state electrical conduction magnetic bearing, 
etc., and support a radial road. In addition, the inside of the container which holds FW Rota 1 2 and which 
is not illustrated is made into the vacua in order to reduce the windage loss by rotation of FW Rota 12. 
[0006] Moreover, permanent magnet Rota (rotator) 1 3 of the motor generator (a motor and a generator 
ar made to serve a double purpose) take power energy in and out of which is established in the 
surroundings of the revolving shaft 1 1 of the inferior-surPace-of-tongue section of FW Rota 2. As this 
permanent magnet Rota 1 3 is shown in drawing 2 R> 2 (a), the permanent magnet of eight poles is 
equally arranged N and alternately with S around the revolving shaft 1 1 . Moreover, the surroundings of 
the revolving shaft 1 1 of the lower part of this permanent magnet Rota 1 3 are equipped with the stator 
(stator) 15 of a motor generator so that it may counter with permanent magnet Rota 13 and the 
predetermined gap 16. This stator 15 consists of a core loess coil which does not use an iron core. 
[0007] moreover. FW Rota 1 2 of another side — 'the gap 1 6 produced by the repulsion magnetism of 
on near permanent magnet Rota 13 and a stator 15 since the side also became the same configuration 
and has countered the stator 15. and the gap 16 produced by the repulsion magnetism of near 
permanent magnet Rota 1 3* of another side and a stator 1 5' are held at the axial gap of the same gap. 
[0008] With such FW equipment of a configuration, a motor generator acts as a motor, and in connection 
with permanent magnet Rota 13 and 13' revolving around a revolving shaft 11. when FW Rota 12 and 12' 
rotate by ultra high-speed, power is stored. Moreover, the power stored during rotation of FW Rota 12 
and 12' when a motor generator acted as a generator is outputted. Thus, the excitation circuit for 
performing electric / generation-of-electrical-energy operation becomes unnecessary by using 
permanent magnet Rota for FW equipment By this, since loss for an exciting current is lost, it is 
efficient and stationary energy storage can be performed. 
[0009] 

[Problem(s) to be Solved by the Invention] However, with FW equipment for stationary energy storage 
which has the motor generator of the axial gap mold by the above-mentioned conventional configuration, 
since the gap length of the axial direction is fixed regardless of the rotational frequency, he produces 
some following faults. 

[0010] First, a permanent magnet type generator has the problem which arises when induced voltage 
changes at a rotational frequency. That is, the induced voltage generated when the coil which a stator 
15 does not illustrate cuts the magnetic flux of permanent magnet Rota 13 is expressed with the 
following formula (1). 
E=2.22fNkphi (1) 

However, Erinduced voltage, f:rotational frequency (frequency), the number of turns of N:coil, krwinding 
factor, phi: Magnetic flux [001 1] That is. since the number of turns N and winding factor k of a coil of a 
stator 15, and the magnetic flux phi of permanent magnet Rota 13 and 13' are constant value as shown 
in a formula (1), induced voltage E increases in proportion to a rotational frequency f. Therefore, 
although driven as an efficient motor generator at the time of low-speed rotation, if it becomes at the 
time of high-speed rotation, an electrical potential difference higher than the electrical potential 
difference by the side of the inverter which drives a motor generator will be generated by the motor 
generator. Therefore, at the time of high-speed rotation, in order to prevent a generation of electrical 
en rgy of such a high voltage, field-weaking control is performed. Field-weaking control is control which 
passes a current which makes the magnetic flux of an opposite direction so that the magnetic flux which 
acts on a generation of electrical energy may not increase. However, if it does in this way and a field 
weak ning current is passed according to the undervoltage of a power conversion machine (inverter), 
the reactive current will increase and a power-factor will worsen by the field weakening current. 
Th refore, in connection with becoming high-speed rotation and a field weakening current increasing, 
loss by part for th reactive current wHI increas , and the power effici ncy of a motor generator 
(th refore. FW equipm nt) will decline. 

[0012] The motor or generator with which another trouble is designed for high-speed rotation from the 
first is that an output torque is small. That is, an output torque is expressed with the relational 
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expression of the following formula (2). 
T=3E/omegaI (2) 

However. Trtorque. an omega=2pif:eleGtrical-angle frequency, I: Current [0013] That is. since induced 
voltage E will become high if a frequency (engine speed) f increases as the above-^mentioned formula (1) 
explained, it is set up so that it may not become higher than the maximum voltage to which a field 
weakening current is passed and induced voltage E can output an inverter. That is. the greatest induced 
voltage E is prescribed by the maximum voltage of an inverter, and serves as a fixed value. Therefore, in 
a formula (2), since induced voltage E is fixed even if it becomes high-speed rotation, if a frequency 
(rotational frequency) f omega, i.e.. an electrical angle frequency, increases, Torque T will become small. 
Thus, the output torque of a motor generator will become still smaller, so that it becomes high-speed 
rotation. For example, when [ at which it carries out ] FW equipment will be rotated with lO.OOOrpm 
extent, it cannot be made to rotate by big driving torque. 

[0014] This invention is made in view of such a situation, and that purpose is to offer the flywheel 
equipment for stationary energy storage using this synchronous motor generator while offering the 
synchronous motor generator which can be made to generate the output torque stabilized from low- 
speed rotation to high-speed rotation while making it the high voltage not occur at the time of high- 
speed rotation, even if it does not perform field-weaking control. 
[0015] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem and to attain 
the purpose, the synchronous motor generator of this invention In the synchronous motor generator 
constituted by the rotator which was supported by the revolving shaft and equipped the surroundings of 
this revolving shaft with the permanent magnet, and the stator which countered the permanent magnet, 
prepared the axial gap parallel to a revolving shaft, and has been arranged It has a justification means to 
move a stator in the direction which carries out adjustable [ of the gap of an axial gap ]. and this 
justification means is characterized by being constituted so that it may carry out adjustable [ of the 
location of a stator ] according to the rotational speed of a rotator. 

[0016] That is, according to the synchronous motor generator of this invention, since a justification 
means changes the die length of the gap of the axial gap between a rotator and a stator according to 
the rotational speed of a rotator, it can carry out adjustable [ of the amount of magnetic flux which 
contributes to an electric generation-of-electrical-energy operation between a rotator and a stator ] 
automatically. Therefore, according to rotational speed, induced voltage and torque are automatically 
changeable. Since generating of the high voltage can be automatically suppressed even if it does not 
control a field weakening current especially at the time of high-speed rotation, an electric generation- 
of-electrical-energy operation can be performed effectively, without reducing power efficiency. 
[0017] Moreover, the synchronous motor generator of this invention is characterized by setting to said 
invention, for a justification means moving a stator so that the gap of an axial gap may be shortened at 
the time of the low-speed rotation with a rotator later than a predetermined rotational frequency, and 
moving a stator so that the gap of an axial gap may be lengthened at the time of the high-speed rotation 
with a rotator earlier than a predetermined rotational frequency. 

[0018] That is, since according to the synchronous motor generator of this invention the axial gap 
between a rotator and a stator becomes narrow automatically and the amount of magnetic flux 
increases at the time of low-speed rotation, torque can be increased or a high electrical potential 
difference can be generated. Moreover, at the time of high-speed rotation, since the axial gap between a 
rotator and a stator becomes large automatically and the amount of magnetic flux decreases, even if it 
does not pass a field weakening current, it can adjust to the value of a request of a generation-of- 
electrical-energy electrical potential difference. And since the reactive current by the field weakening 
current does not flow, a power-factor can improve and generating efficiency can be raised. 
[0019] Moreover, although the synchronous motor generator of this invention can wind a coil around a 
core and can also constitute a stator, it may wind a coil by core loess. Thus, by making it core loess, the 
eddy current loss and iron loss by the high frequency current at the time of high-speed rotation can be 
reduced. Moreover, the coil methods of a stator coil may be any of a concentration volume and a 
distribution volume. Furthermore, the motor configuration by the rotator and stator which prepare an 
axial gap and are arranged may be constituted by two or more steps. That is, an axial gap motor may be 
constituted combining this in multistage, although it is good also as one step of configuration. Moreover, 
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the permanent magnet arranged at the rotator consists of even numb r poles of the arbitration of two 
or more poles, for example, can be made the configuration of two poles, six poles. 8 pole — , etc. 
[0020] Moreover, the synchronous motor generator of the axial gap type in this invention can also be 
used for the flywhe I equipment for stationary energy storage. Or when it uses for the generator for 
wind mills and rotational speed changes at a wind speed, with a justification vessel, a gap is ac|justed and 
the optimal electrical potential difference can be generated. Furth rmore, it uses for the motor whe I in 
motor generator for electric vehicles, the motor generator which uses a dc-battery as a power source, 
and according to input voltage, with a justification vessel, a gap is acOusted and the optimal electrical 
potential difference can be generated. Or it can also use for the high-speed generator of micro gas 
turbine direct connection. 

[0021] Moreover, this invention is also invention of the flywheel equipment for stationary energy storage 
which used the synchronous motor generator of an axial gap type. Namely, it sets to the flywheel 
equipment for stationary energy storage which performs stationary energy storage by rotating with a 
motor the turntable supported by the revolving shaft. The rotator of a motor equipped with the 1 st 
permanent magnet arranged around [ revolving shaft ] a turntable, the 1 st permanent magnet being 
countered, and, in order to carry out magnetic levitation of the turntable to the stator of the motor 
which prepared the axial gap parallel to a revolving shaft, and has been arranged, the bearing which 
supports a radial road, and the 2nd permanent magnet which the turntable was alike on the other hand, 
and has been arranged The super-conductive magnet arranged so that it may counter with the 2nd 
permanent magnet and may have a predetermined gap in the direction of a revolving shaft, A 
justification means to move a stator in the direction which carries out adjustable [ of the gap of an axial 
gap ] is provided, and this justification means is flywheel equipment for stationary energy storage 
characterized by being constituted so that it may carry out acjjustable [ of the location of a stator ] 
according to the rotational speed of a turntable. 

[0022] That is, according to the flywheel equipment for stationary energy storage of this invention, since 
the axial gap type motor generator is used, even if the revolving shaft of a turntable carries out 
eccentricity, the magnetic-attraction force does not occur in a radial direction. Moreover, since the 
overall length of ******** can be shortened to a ratio when a radial gap type motor generator is used, 
the shaft vibration at the time of high-speed rotation and the problem of axial rigidity are mitigable. 
Furthermore, thrust loading is suppliable with an axial gap type motor generator by being located above 
a revolving shaft with the magnetic-attraction force by the motor generator. That is. axial eccentricity, 
shaft vibration, and the problem of axial rigidity can be mitigated, and thrust loading can be 
compensated. And with the flywheel equipment for stationary energy storage of this invention, it has a 
justification means to move a stator in the direction which carries out actjustable [ of the gap of the 
axial gap between a stator and a rotator ]. And since this justification means carries out adjustable [ of 
the location of a stator ] according to the rotational speed of body of revolution, it can change induced 
voltage and torque automatically according to rotational speed. Since generating of the high voltage can 
be automatically controlled even if it does not control a field weakening current especially at the time of 
high-speed rotation, an electric generation-of-electrical-energy operation can be performed effectively, 
without reducing power efficiency. 

[0023] Moreover, in the flywheel equipment for stationary energy storage of said invention, a stator is 
characterized by winding the coil by core loess by this invention. That is. since iron loss and eddy 
current loss can be reduced by using the stator of a motor as a core loess mold without an iron core, 
the ffectiveness of a motor generator can be raised further. 
[0024] 

[Embodiment of the Invention] Hereafter, although the synchronous motor generator in this invention is 
explained using a drawing, the flywheel equipment for stationary energy storage using this synchronous 
motor generator as an example will be explained. Drawing 1 is the sectional side elevation showing the 
configuration of FW equipment for stationary nergy storage concerning the gestalt of 1 operation of 
this invention. This FW equipment shows th condition of having applied the axial gap typ motor 
generator. Moreover, in th condition that it is shown in drawing, this FW equipment stands a revolving 
shaft 1, and is used. 

[0025] First, the whole configuration is explained. In drawing t. FW Rota 2 in which FW equipment stores 
power energy to a revolving shaft 1 is supported. Moreover, the bearing 3 and 3' supporting the radial 
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direction and the axial direction of a revolving shaft 1 are prepared in the upper part and the lower part 
of a revolving shaft 1. These bearing 3 and 3' consist of antifriction bearing, superconduction bearing, a 
usual state electrical conduction magnetic bearing, etc., and support a radial road. In addition, the inside 
of the container which holds FW Rota 2 and which is not illustrated is made into the vacua. 
[0026] Moreover, Rota (rotator) 4 of the motor generator (a motor and a generator are made to serve a 
double purpose) take power energy in and out of which is established in the surroundings of the 
revolving shaft 1 in the top-face section of FW Rota 2. Furthermore, the surroundings of the upper 
revolving shaft 1 of this Rota 4 are equipped with the stator (stator) 5 of a motor generator so that it 
may counter with Rota 4 and the predetermined gap g. In addition, this stator 5 consists of a core loess 
coil which does not use an iron core. Moreover, Rota 4 is supported by the short circuit core 6, and the 
stator 5 is held by short circuit core 6'. 

[0027] The permanent magnet 7 is formed in the inferior surface of tongue of FW Rota 2 around the 
revolving shaft 1 . Furthermore, the surroundings of a revolving shaft 1 are equipped with the super- 
conductive magnet 8 so that it may counter with a permanent magnet 7 and predetermined gap g'. And 
when a permanent magnet 7 and a super-conductive magnet 8 carry out magnetic repulsion, FW Rota 2 
surfaces from a super-conductive magnet 8. That is, thrust loading from above is supported by the 
repulsion magnetism of these permanent magnets 7 and super-conductive magnets 8. 
[0028] With this FW equipment, when the motor generator of a configuration of having mentioned above 
acts as a motor, in connection with Rota 4 revolving around a revolving shaft 1, power is stored because 
FW Rota 2 rotates by ultra high-speed Moreover, the power stored during rotation of FW Rota 2 when a 
motor generator acts as a generator is outputted. 

[0029] Moreover, in order to raise the storage effectiveness of FW Rota 2 rotated by ultra high-speed 
with this FW equipment, the interior of FW equipment is made into a vacua by making into a vacuum the 
inside of the container which holds FW Rota 2 and which is not illustrated, and the windage loss 
accompanying rotation of FW Rota 2 is reduced. Furthermore, in order to reduce the windage loss 
accompanying rotation of FW Rota 2 and to maintain the cooling effect of FW Rota 2, the interior of FW 
equipment is decompressed by decompressing the inside of the container which holds FW Rota 2 and 
which is not illustrated. 

[0030] In addition, although especially illustration is not carried out, the inside of the container which 
holds FW Rota 2 may enclose a gas with the small molecular weight of helium etc. Furthermore, you may 
constitute so that a cooling system may be formed and the gas in a container may be cooled. Or after 
forming a vacuum pump and carrying out vacuum suction of the inside of a container, in case FW Rota 2 
generates heat at the time of charge and discharge, you may constitute so that the gas for cooling FW 
Rota 2 may be poured in into a container with a cooling system. 

[0031] Furthermore, the place by which it is characterized [ of FW equipment in this invention ] is just 
going to have the composition of having attached the justification machine 9 in the upper part of a 
stator 5 correctly in the upper part of short circuit core 6' holding a stator 5. As this justification 
equipment 9 is shown in drawing, holddown-member 9a fixed to short circuit core 6', and bearing^bar 9b 
by which rack 9c was minced from this holddown-member 9a above is extended. That is. bearing-bar 9b 
is the configuration in which the ball screw was formed. Furthermore, in case 9d, pinion 9e which the 
controller exposed is screwing with rack 9c. That is, by turning pinion 9c. driving-direction modification 
and moderation are performed by rack 9c. and it is constituted so that bearing-bar 9b may move up and 
down. For example, if pinion 9c is rotated one time, one pitch of screws of rack 9c will move. 
[0032] Thus, with the constituted justification vessel 9, if pinion 9e rotates according to the rotational 
speed of FW Rota 2. rack 9c of bearing-bar 9b will carry out pitch stepping, and a stator 5 will carry out 
vertical migration with short circuit core 6' which fixed to holddown-member 9a. It has come to be able 
to carry out the adjustable setting of the die length of the gap g of Rota 4 and the axial direction of a 
stator 5 by this. That is, the die length of the gap g of the axial direction between Rota 4 and a stator 5 
is the device which can carry out adjustable with the justification vessel 9. For example, at the time of 
high-speed rotation, it operates so that a gap g may become large, and it presents the operation same 
with having performed field-weaking control. 

[0033] Thus, in constituted FW equipment, while FW Rota 2 is carrying out low-speed rotation, with the 
speed signal from the rotational-speed detector which is not illustrated, pinion 9e rotates towards 
desired, carries out screwing migration of the rack 9c. and moves bearing-bar 9b below. By this, a stator 
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5 moves caudad and shortens the gap of a gap g. Then, the magnetic flux phi between Rota 4 and a 
stator 5 increases, and induced voltage E increases so that clearly from the above-mentioned formula 
(1). Furthermore, as shown in the above-mentioned formula (2), Torque T increases by the increment in 
induced voltage E. Thus, at the time of low-speed rotation, while being able to niarge torque by making 
a gap g small automatically, the induced voltage of a desired electrical-potential-difFerence value can be 
g n rated. 

[0034] Next, when FW Rota 2 becomes high-speed rotation, with the speed signal from the rotational- 
speed detector which is not illustrated, pinion 9e rotates towards desired, carries out screwing migration 
of the rack 9c. and moves bearing-bar 9b upwards. By this, a stator 5 moves up and lengthens the gap 
of a gap g. Then, the magnetic flux phi between Rota 4 and a stator 5 decreases, and induced voltage E 
is decreased. Namely, at the time of high-speed rotation, even if it does not pass a field weakening 
current which was stated with the above-mentioned conventional technique, the value of a request of 
induced voltage can be automatically decreased by reduction of magnetic flux phi, and desired torque 
can also be generated. Thus, at the time of high-speed rotation, it becomes, without reducing power 
efficiency, since a field weakening current is not passed while preventing generating of excessive 
induced voltage by enlarging a gap g automatically. 

[0035] In addition, since adjustment of the gap g with the justification machine 9 is about 1-2mm, it is 
necessary to make the device of a rack and a pinion a configuration which does not have backlash in a 
screwing part, and to make pitch spacing of a ball screw into about dozens of microns or less, of course, 
the thing to restrict to the device of a rack and a pinion — there is nothing — the precision of several 
microns thru/or dozens of microns — a stator — vertical migration — as long as it is a 
configuration [ like ]. what kind of device may be used 

[0036] Moreover, although the gestalt of the above-mentioned operation described the case where went 
up and down a stator 5 and a gap g was ac(justed, even if it carries out vertical migration only of short 
circuit core 6* with the justification vessel 9, magnetic flux phi is made to fluctuate and the same 
operation effectiveness as the gestalt of the above-mentioned operation can be presented. However, it 
is necessary to take into consideration about the cooling effect of a stator 5 in this case. 
[0037] Moreover, although core loess without an iron core constituted the stator 5 from the gestalt of 
operation of FW equipment in this invention shown in drawing 1 , this is for reducing the eddy current 
loss and iron loss by the high frequency current at the time of high-speed rotation. However, even if it 
uses a stator with a core, it cannot be overemphasized that this invention is applicable. Moreover, any 
of a concentration volume and a distribution volume are sufficient as the coil method of a stator coil. 
Furthermore, although an axial gap motor is one step of thing and consisted of dra wing 1 , this invention 
is applicable even if constituted combining the axial gap motor which combined FW Rota 2. the short 
circuit core 6, Rota 4. a stator 5. and short circuit core 6' in multistage. Moreover, the configuration of 
Rota 4 in drawing 1 may not be restricted to what constituted the permanent magnet as shown in 
drawing 2 (a) to the eight poles, and may be a configuration of two poles, 6 pole — , etc. 
[0038] Moreover, although it is not directly related to the change in the magnetic flux phi by axial gap 
acljustment, since the axial gap type motor generator is used for FW equipment for stationary energy 
storage constituted as mentioned above, even if the revolving shaft 1 of FW Rota 2 carries out 
eccentricity of it, the magnetic-attraction force is not generated in a radial direction. For this reason, 
when a radial gap type motor generator is used, ♦* and a radial road can be sharply mitigated to a ratio. 
Furthermore, with the strength relation of the magnetic energy which a motor generator produces, when 
a revolving shaft 1 carries out eccentricity, since the self-aligning nature to a radial direction occurs, a 
radial road can be mitigated further. 

[0039] Moreover, since the overall length of the revolving shaft 1 of ** and FW Rota 2 can be shortened 
to a ratio by the configuration of an axial gap type motor generator when the conventional radial gap 
type motor generator is used, while the shaft vibration at the time of high-speed rotation is mitigable, 
f ar of breakag by rigidity is mitigable. Furthermore, thrust loading currently supported only by the 
magn tism of a permanent magnet 7 and a super-conductive magnet 8 is suppliable with an axial gap 
typ motor generator by making rt located above a revolvfng shaft 1 with the magnetic-attraction force 
by the motor generator. Or rt becomes possible by adjusting the strength of the magnetic-attraction 
fore to adjust the surfacing gap length from the super-conductive magnet 8 of FW Rota 2. In addition, a 
super-conductive magnet 8 may be a permanent magnet. Moreover, it does not support by the 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2005/07/08 



JP,2002-247822,A [DETAILED DESCRIPTION] 



7/7 ^— V 



magnetism of the permanent magnet 7 and super-conductive magnet 8 which surface FW Rota 2. but it 
is only in bearing 3 and 3\ and thrust loading can be supported. 

[0040] Moreover, by using a permanent magnet type motor generator, copper loss and iron loss can be 
reduced and the need for cooling of FW Rota 2 in a vacuum can be reduced. Furthermore, by using the 
stator 5 of a motor generator as a core loess mold without an iron core, iron loss can be reduced 
further and the power efficiency of a motor generator can be raised further, if the conventional radial 
gap type motor generator rotates at high speed, since [ moreover, ] it will require a centrifugal force for 
the gap part which generates the force — the problem of scattering prevention and electrical and 
electric equipment, such as a magnet. — there was a limit for considering as the optimal structure with 
the relation of a trade-off to the problem of magnetic optimality. However, since the axial gap type 
motor generator of this invention can design separately the gap side of the thrust direction which 
generates the force, and the bearing surface of a radial direction on the strength which receives a 
centrifugal force, it separates the optimal structure electrically mechanically, respectively, and becomes 
possible [ designing to ultra high-speed and high power ]. 

[0041] The gestalt of the operation described above is an example for explaining this invention, this 
invention is not limited to the gestalt of the above-mentioned operation, and various deformation is 
possible for it in the range of the summary of invention. For example, although the gestalt of the above- 
mentioned operation described the case where the synchronous motor generator of an axial gap type 
was applied to the flywheel equipment for stationary energy storage, when it does not restrict to this, 
for example, it applies to the generator for wind mills and rotational speed changes at a wind speed, with 
a justification vessel, a gap is adjusted and the optimal electrical potential difference can be generated. 
Or it applies to the motor wheel in motor generator for electric vehicles, the motor generator which 
uses a dc-battery as a power source, and according to input voltage, with a justification vessel, a gap is 
adjusted and the optimal electrical potential difference can be generated. Or it is also applicable to the 
high-speed generator of micro gas turbine direct connection. 
[0042] 

[Effect of the Invention] Since according to the synchronous motor generator of the axial gap type in 
this invention the axial gap between Rota and a stator becomes narrow automatically and magnetic flux 
increases at the time of low-speed rotation as explained above, torque can be increased or a high 
electrical potential difference can be generated. Moreover, at the time of high-speed rotation, since the 
axial gap between Rota and a stator becomes large automatically and magnetic flux decreases, even if it 
does not pass a field weakening current, it can adjust to the value of a request of a generation-of- 
electrical-energy electrical potential difference. And since the reactive current by the field weakening 
current does not flow, a power-factor can improve and generating efficiency can be raised. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
danages caused by the use of this translation. 

1 This document has been translat d by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional side elevation showing the configuration of FW equipment for stationary 
energy storage concerning the gestalt of 1 operation of this invention. 

[Drawing 2] It is image structural drawing at the time of applying the motor generator of the axial gap 

mold in the conventional technique to FW equipment, and (a) is the plan of permanent magnet Rota and 

(b) is cross-section structural drawing of FW equipment. 

[Description of Notations] 

1 Revolving Shaft 

2FWRota 

3 and 3' bearing 

4 Rota 

5 Stator 

6 and 6' short circuit core 

7 Permanent Magnet 

8 Super-conductive Magnet 

9 Justification Machine 
9a Holddown member 
9b Bearing bar 

9c Rack 
9d Case 
9e Pinion 
g and g' gap 
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